Introduction
Land use design which is less attention to land condition will guide damage to water system, it interferes water resource availability animals, plants, agricultures, and industry electricity (Muta'ali, 2011) . According to The Indonesia National Board for Disaster Management (2015) that the disruption of water availability in several regions of Indonesia, including Magelang, Gresik, and East Nusa Tenggara Province.
The changes in landscape, landform, and which is related to the amount of surface 2010; Indra, 2013) . Land use changes, in fact, are closely associated with the precipitation changes. However, land use for forest vegetation was evidenced to possess high evapotranspiration and humidity level in compared with other covers, which led to higher rainfall level in the region. The higher the rate of forest land conversion, the higher the rate of rainfall disruption (Zeppel, et al., 2014; Asner, et al., 2010; Igbawua, et al., 2016; Asdak, 2010) .
The water availability becomes a serious problem when the demand constantly increases, while the water supply is declining. The hydrological phenomenon is very complex and it 2010). Thus, models to simplify and facilitate the phenomenon is required, one of the models is the dynamics model. modelling are increasing the understanding about phenomenon easier, forecast, and decision making easier (Purnama, et al., 2006; Chung, et al., 2008 , Hartrisari 2007 , Purnomo, 2012 ). et al., 2016 explained that the impact of changes in f change, rainfall change, and type of water use can be known by applying dynamic modelling system. Besides, the function of dynamic modelling is to inform the long term condition of water availability, The result of dynamic modelling from scenario result which was conducted towards water availability factors_rainfall change, land use change, and population growth_ can be used as substructure consideration in decision making to support the maintaining of water availability (Xi and Poh, 2013;  Toba lake is the largest lake in Indonesia ( remains running its function as permanently water supplier (a whole year) to Toba Lake named Aek in the area. According to Ministry of Forestry in the results of the reviews of critical land preparation, 2014 stated that Toba Lake watershed is in the priority list to be rehabilitated. By applying dynamic modelling, this study will generate some activities
The aims of this study are to evaluate water availability as the long term impact of land use change, rainfall change, and population with dynamic modelling and as a scenario which is required as basic information to make decisions in maintaining water availability.
Research Methods a. Time and Study Area
to October 2014. Precisely, the study area was Province (02° 15' 00" N -02° 30› 00» N and 98° 36' 00" E E), as presented in 
c. Type of Datum and Assumptions in Dynamic Modelling
Dynamics modelling is commenced by identifying the problem, making assumptions, constructing the model, determining a suitable analysis, interpreting analysis results, and performing the process of validation and implementation (Hartrisari, 2007; Sitompul, 2009; Wiyono, 2012) . Development of a system dynamic modelling (SDM) that captures that the interactions and feedbacks between the population sub-sector, water resource subsector and agricultural production sub-sector applied by using Software Power Sim 2.5 c. The data since 2011 (based on the collected data) was the input of the modelling that was projected to the next 89 years (2010) to foresee the water availability.
which is used in dynamic modelling to calculate water resource availability are mentioned below:
1) Rainfall (Climate Change)
Estimation of the mean rainfall for undulating or hilly areas is conducted by using Isohyet method as it is highly accurate with relatively small error level, which is 0.1% -4.7% (Purnama 2008; Narulita, 2007 
2) Land Use Changes
Land-use activities that change the ground (Asdak 2010; Indra, 2013) . The value or trend of the rate of each land use change should be minimised with several basic assumptions to maintain the conversed area remains even to the area of Aek Silang sub-watershed.
Basic assumptions related to the changes of land use as the input in dynamics modelling included data of land use/cover changes in 2009 -2011, can be found in Tabel 1. In case there was difference between total area of conversed land andtotal area of Aek Silang sub-watershed, the difference was used to increase or decrease total area of dry-land agriculture.
Tabel 1.

Group of Land
The water utilisation in the area of Aek Silang sub-watershed consisted into 3 (three) main types, namely domestic needs, agriculture, and Micro-Hydro Power (MHP) plant. The standard value of water demand of each sector enclosed in the dynamics modelling is represented in Appendix 3.
4) Calculation Method of Potential Water Utility (V)
Volume of water utility which can be used each land use that were included in the rational 
Where: I = Rainfall intensity (mm/hr) R 24 = Daily mean rainfall (mm/hr) t c = Time of concentration or period from the upstream to the observed outlet (hr)
The value of rainfall intensity used in the dynamics modelling was the value that generated the peak runoff rate to supply the demand for agricultural irrigation and power plant. According to Hirijanto, et al. (2013) , the peak runoff rate for irrigation and power plant is in the range of 80% -95%.
d. Validation Modelling
Validation in this modelling is conducted (MAPE-Mean Absolute Percentage Error).
MAPE testing can be used to gain information about accuration between data assumption and
Nb : X m = Result data of simulation X d = Actual data n = Period/number of data -MAPE < 5%, : modelling is arranged according to actual condition -MAPE between 5% -10% : modelling is arranged close actual condition -MAPE > 10% : modelling is arranged different to actual condition
Results And Discussion
System dynamics modelling was employed to project the water availability. The thus, it is capable to illustrate the feedback Purnomo, 2012).
The water sources utilisation in the Aek Silang sub-watershed, Lake Toba Catchment Area, was investigated to determine the status and to reveal the effect of dynamic factors such as population growth and land use changes.
a. Implementation Modelling
1) Rainfall
According to rainfall data in 2003 to 2012 in Aek Silang sub-watershed of 5 rainfall station, there are Parapat station, Lae Hole station, Sidikalan station, Gabehutaraja, and Ona Runggu station is resulted the average of rainfall with Isohiet method is listed in table 3.
The average of rainfall is 2.312,09 mm/ year was used as input of rainfall in dynamic model which descibes water resource potential in Aek Silang watershed. Trend the change of rainfall based on Indonesian Agency for Meteorological, Climatological, and Geophysics Sampali, Sumatera Province is decreasing to be 1.97 mm/year. 
2) Volume of Potential Utilized Water Resources (V)
In accordance to previous rational calculation method, the C value was determined based on the trend of land use as explicated in Table 3 and the A value was total area of Aek Silang sub-watershed (19,814.72 (3) generated the peak runoff rate of 80 % -95% was 0.340 mm/hr. Volume of potential utilized water resource analyzed by using dynamics modelling yielded the potential utilized water sources in 2011 -2100 as demonstrated in Figure 3 . Evapotranspiration rate as depicted in Table 4 The link between land cover and evapotranspiration is directly proportional, the higher the vegetation growth rate, the higher the evapotranspiration rate. The studies carried out by Zeppel, et al. (2014) , Soedarjanto, et al. (2011) and Asner, et al. (2010) concluded that the higher the density of canopy cover, the higher the evapotranspiration rate. It is due to the role of vegetation as a pump in the transformation of ground-water into vapour through the process of transpiration as well as the land use change from vacant land or forest into the agricultural land that affects the albedo, which reduces the soil surface roughness and eventually augments the evapotranspiration rate.
Water holding capacity (WHC) is the ability of soil to hold water which is affected by land use in each soil type. . WHC was assumed to remain because the type of the soil did not change.
3) Water Demand Volume
Total water demand volume for domestic needs, agriculture, and power plant was estimated by using the dynamics modelling (with the values in Table 1 as the inputs), the results is presented in appendix 2. The rate of water demand in Aek Silang sub-watershed demonstrated at appendix 2 the increasing trend from year to year, which is in linear the rate of population growth (7.23%) and the rate of death 0,4%, meanwhile the estimated plant are stable. In 2011, total water demand m 3 3 in 2100 or the next 89 years, on the other words, the water consumption increases approximately 145,087,120 m 3 projected that in during the next 50 years, the water consumption rate in the western part of China will increase as much as 20%, while in the area of Aek Silang sub-watershed, the rate
4) Reserve Water Availability Resource
Reserve water availability is the combination of dynamics model of potential utilised water availability and dynamics model of water demand, which is the difference the discharge and total water demand. The condition of water availability will be attained if the water availability is surplus; hence, there is excess water to be used for other uses. On the et al.
contrary, if the water supply is lower than total water demand, there will be a water be determined as presented in Table 4 . Based on the analysis, it was estimated that the water availability in Aek Silang subwatershed will meet the demand until 2089 or the next 78 years, where the water surplus 3 . However, in 2090 the 3 . It was predicted that in 2090, as many as 122,348 people will or 258,43 ha of farmland cannot be cultivated for 114,51 hours (4 days 19 hours) and MHP plant cannot generate electricity. It foresees the water availability sources fails due to at domestic needs, agriculture, and MHP plant.
Furthermore, the increased water shortage is mainly caused by the factor of high rate population growth, hence, water demand for domestic needs enhances while the water availability is lessened. The rate of water availability is not proportional with the rate of domestic needs, in which the mean potential water volume is reduced arithmetically, which is approximately 2,981 m 3 per year, meanwhile, the population growth exponentially increases, which is 7.23% per year, even though there is death rate 0,004 or 0,4% per year.
The water availability is secure if a watershed/catchment area has the capacity to meet the water needs in the present time without disrupting the water supply for the future. Table 5 showed the environmental conditions of Aek Silang sub-watershed indicated the provision of sustainable water in 2089, with the rainfall intensity of 2,279.33 mm/year, forest ha, and population of 2,408,995 people.
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5) Validation modelling
The result of dynamic modelling of water availability which can be validated is in the year of modelling started, 2011-2012, and before the is concluded that the number of the data is 5 data. Validation modelling in those years can be conducted because supporting data is completely available to run dynamic modelling, for example wide of each land using, the number of human population, and actual water availability data which was collected from River Management on Board North Sumatera Province as comparison standard of simulation data. Dynamic modelling validation of water availability which can be used is performed in table 5. The result of modelling validation is 8.90%, it is stated that condition of dynamic modelling which was conducted close to the actual condition.
b. Model Simulation
Dynamic modelling construction of potentially utilised water resource which while dynamic model construction of water availability is performed in Appendix 5.
The condition of water volume which can be utilised from year to year as the impact of land use change (table 1) can be obtained from dynamic modelling construction (Appendix 4).
(C), so that every change of wide of land use in Aek Silang Sub-Watershed Lake Toba. That case will change the volume of water which can be used (V). The simulation of land use change can be done to gain information related the volume of water which can be utilised in Dynamic modelling construction (Appendix 5) results in the condition of water availability, whether the water can be utilised to meet water need or not. The simulation to water need can be done on some controllable factors such as the rate of land use change and the rate of population growth.
c. Design of Scenario to Reserve Water Resource 1) Decreasing Population Growth Rate
The decline of population growth rate is a factor which might become a solution to preserve the water availability. The expected population growth rate, which is 1.4%. The population growth rate in 2100 with a growth rate of 1.4% is 33,757 people. With an assumption, the water consumption for domestic needs is 80 litres/individual/day, the volume of water demand is 985,710 m 3 and the total water consumption (domestic + agriculture + MHP 3 . It is projected that in m 3 and the water availability is 71,452,103 m 3 . It means that with a population growth rate of 1.4%, water availability can be attained.
The reduction of population growth the government and also the support from the society. The government can promote this solution through education, counseling, provision of facilities and infrastructure, in order to disseminate the knowledge and skills to the society, such as perception, behavior, world view, and cultural values that can establish local wisdom (Yulianto, 2007) to support population control, and ultimately to preserve the environmental conditions of a watershed for achieving sustainable water sources.
2) The Combination of Population Growth Control and Land Use Plan
The rate of land use in dynamics modelling might be interfered since in the reality, the land use change is primarily performed by human factors instead of natural ones. Therefore, the expected rate of land use change can be strived in order to attain sustainable water availability. 
Conclusion
Condition of environment which results the sustainable water resources utilization is the area of shrubs/open land is 0 ha, settlement and total population is 2,408,995 persons.
The change of land use affected to water resource availability which can be used because related to evapotranspiration and the ability of plant in holding water inside the soil. The water availability used was affected by people growth rate, so the control of people growth
The management of land use and people growth in the same time is an effective way to prevent water availability.
This study presents feasibility of system dynamics simulation as an assessment tool to support the decision for maintaining water availability. It presents the ability of system dynamics to support the decision by generating future water availability data with different scenarios.
References
Asdak, C., 2010.
, Gadjah Mada University Press, Yogyakarta. 
